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Abstract- Fuzzy approach to control congestion in ATM 
networks is inevitable in research areas. . A control scheme 
that dynamically regulates traffic flow according to changing 
network conditions however requires the understanding of 
network dynamics. To minimize congestion, for a gradual 
change we proposed fuzzy approach. In our scheme, burst 
length as well as buffer occupancy are represented by 
triangular membership functions of fuzzy sets. However, these 
improvements are achieved at the cost of higher time 
complexity. 
I. INTRODUCTION 
 
 Major development in high-speed networking is the 
emergence of B-ISDN's and ATM. ATM has been 
designed to support various classes of multimedia traffic 
with different bit rates and QoS requirements. Due to the 
unpredictable fluctuations and burstiness of traffic flow 
within multimedia networks, congestion can occur 
frequently. Therefore, it is necessary to design appropriate 
congestion control mechanisms to ensure the promised QoS 
is met. Shift in the network‟s performance bottleneck from 
channel transmission speed to propagation delay of the 
channel and the processing speed at the network switching 
nodes [1]. 
Consequently, congestion prevention can be interpreted as 
the problem of matching the admitted traffic to the network 
resources. This, in turn, could be viewed as a classical 
problem of feedback control i.e. matching the output to the 
input of dynamical systems [2]. In feedback controls, when 
possible traffic congestion is detected at any network 
element, feedback signals are sent back to all sources. ATM 
layer congestion control refers to the set of actions taken by 
the network to minimize the intensity, spread, and duration 
of congestion. Feedback flow control is one of the solutions 
which has been reported in the literature [3],[4],[5]. 
The growing success of fuzzy logic in various fields of 
applications, such as control, decision support, knowledge 
base systems, data base information retrieval and pattern 
recognition, is due to its inherent capacity to formalize 
control algorithms that can tolerate imprecision and 
uncertainty, emulating the cognitive processes that human 
beings use every day[6],[7],[8].  Fuzzy logic system have 
been successfully applied to deal with congestion control 
related problems in ATM networks and have provided a 
robust mathematical frame work for dealing with real world 
imprecision [9],[10]. The fuzzy approach exhibits a soft 
behavior, which means a greater ability to adapt itself to 
dynamic, imprecise, and bursty environments. Comparative 
studies [11] have shown that the fuzzy approaches 
significantly improve system performance compared with 
conventional approaches. 
In conventional schemes, a binary threshold divides the 
buffer space in two parts: below or equal to   the   threshold 
level, for every arriving cell is given entry to the network 
and above the threshold every cell is rejected. In fixed 
threshold case as described by Bonde et. al. [11], two states 
of buffer - block and admit can be replaced by fuzzy sets. 
We have proposed the use of fuzzy logic for dynamic feed-
back threshold scheme. In applied fuzzy scheme, burst 
length as well as buffer occupancy are represented by 
triangular functions. 
 
II. FUZZY EXPERT SYSTEM 
 
Fuzzy logic provides a general concept for description and 
measurement. Unlike traditional Aristotelian two-valued 
logic, in fuzzy logic, fuzzy set membership occurs by degree 
over the range [0,1], which is represented by a membership 
function. The function can be linear or non-linear. 
 
A. From fuzzy Set to Fuzzy Events 
 
Fuzzy set theory, compared to other mathematical theories, 
is perhaps the most easily adaptable theory to practice. The 
main reason is that a fuzzy set has the property of relativity, 
variability, and inexactness in the definition of its elements. 
Instead of defining an entity in calculus by assuming that its 
role is exactly known, we can use fuzzy sets to define the 
same entity by allowing possible deviations and inexactness 
in its role. This representation suits well the uncertainties 
encountered in practical life, which make fuzzy sets a 
valuable mathematical tool. 
 
III. MODEL OF FUZZY CONTROLLER 
 
Fuzzy systems are defined with a strong mathematical basis, 
which are rule-based systems. A fuzzy system is made of a 
fuzzifier, a defuzzifier, an inference engine, and a rule base 
as shown in Fig. 1. The role of the fuzzifier is to map the 
crisp input data value to fuzzy sets defined by their 
membership functions depending on the degree of 
“possibility” of the input data. The goal of the defuzzifier is 
to map the output fuzzy sets to a crisp output value. It 
combines the different fuzzy sets with different degrees of 
possibility to produce a single numerical value. 
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Fig.1:  Model of Fuzzy Controller 
The fuzzy inference engine defines how the system should 
infer through the rules in the rules base to determine the 
output fuzzy sets. Ray-Guang Cheng et. al. developed a 
model of a fuzzy traffic controller in which inputs linguistic 
variables are chosen so that the controller is a closed-loop 
system with the stable and robust operation. 
The heart of a Fuzzy system is a rule base, which consists of 
a set of If-Then rules. The rules are statements in which 
some words are characterized by continuous membership 
functions. For example, IF the link is close to congestion 
THEN reduce the input rate, the words close to congestion 
are characterized by a membership function as shown in the 
Figs.2 (a) and 2(b), where congestion is considered 
happening when the link utilization is above 0.8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: A Typical Representation of Buffer Occupancy as 
well as Burst Length by Fuzzy Sets 
L, B, M, A and H represent Low, below medium, Medium, 
above medium and High membership sets respectively. 
M.V. represents membership values. 
The fuzzy system encodes expert knowledge about the 
system to be implemented rather than modeling the actual 
system; therefore it resembles a rule based expert system. 
However, unlike expert system fuzzy system does not fail 
when faced with a control situation in which no rule is 
defined. Instead, controls are inferred using the membership 
function to generate approximate control actions. 
 
IV. APPLIED FUZZY APPROACH 
 
For applied scheme out-put buffer  divided into various 
number of equal parts viz. two, three, and four for this 
purpose, then  the feedback had applied after 50%, 33%, and 
25% completion of the buffer space i.e. when  N=2, 3, and 4 
respectively. Depending upon which threshold has been 
crossed, the network gets a mild warning, ---------or an 
ultimatum. A gradual change is more intuitive here; this has 
been incorporated with fuzzy logic. In applied fuzzy 
scheme, burst length as well as buffer occupancy are 
represented by triangular functions as shown in Fig. 2. The 
degree of membership of a particular set, associated with 
each valid buffer occupancy can be read from this figure. 
This quantification of membership is called fuzzification. 
From these membership values and corresponding sets, 
blocking to be offered, again in fuzzy terms can be find out.  
This process is called rule-based inference. As an example, a 
typical rule is when buffer occupancy is high and burst 
length is high, number of blocked cells is also high as shown  
in Lookup Tables 3.1(a), and 3.1(b). 
Blocking 
 
 
 
 
 
 
 
 
 
Table 3.1 (a): Lookup Table 
 
 
 
 
 
 
 
 
Blocking 
Table 3.1(b) : Lookup Table 
Then, by applying suitable defuzzification method, the 
percentage blocking to offered at that particular buffer 
occupancy level and at given burst length can be 
determined. For defuzzification, with the set such as shown 
in the Table 3.2, weighted Average is used. 
 
 
 
 
Table 3.2: Defuzzification Table 
L- Low Set, B: Below Medium Set, M: Medium Set, A: 
Above Medium Set, H: High Set 
A typical example is explained as follows: Let us assume 
that buffer occupancy as well as burst length both are 
characterized by the fuzzy set described in Fig. 2(a). Also, 
maximum buffer size is kept at 8 and maximum burst length 
is assumed to be 8. Suppose, at  the time of the new arriving 
cell burst, buffer occupancy = 5 and arriving burst length = 
6. When normalized with respect to maximum value of 8, 
these variables are mapped as buffer occupancy =0.625 and 
burst 0.75. Using fuzzy set of  Fig. 2(a) for fuzzification it is 
seen that, buffer occupancy is a member of set M with 
associated value 0.5 and a member of set A with associated 
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value 0.5. Burst length is a member of set A with associated 
value 1.0 and a member of set H with associated value 0.0. 
Using  Table 3.1(a) and min-max method of evaluation, we 
get:  
Buffer occupancy M(0.5) and burst length 
A(1.0)=>Blocking of A(0.5)  
Buffer occupancy M(0.5) and burst length 
H(0.0)=>Blocking of H(0.0) 
 Buffer occupancy A(0.5) and burst length 
A(1.0)=>Blocking of H(0.5) 
Buffer occupancy A (0.5) and burst length 
H(0.0)=>Blocking of H(0.0) 
Thus, taking maximum of the four values associated with H, 
blocking has membership of set A with value (0.5) and 
membership of set H with value (0.5). Using these sets with 
weighted average of membership values, percentage 
blocking offered can be found. For defuzzification, set 1 of 
Table 3.2 is used. 
 
 
Thus the percentage blocking to be offered, as per the 
proposed scheme is 85%. Based on this method of 
determining percentage blocking for the incoming cells, an 
ATM node is simulated, and performance of the scheme has 
been compared with static and dynamic feed-back schemes. 
 
V. RESULTS 
 
The simulation results are shown in the Tables 1-6 and 
Graphs 1-6 indicated that the over all performance of the 
ATM switch improved when we applied fuzzy logic to 
Dynamic Feed-back Threshold scheme. In this work, link 
bandwidth is taken as 155.5 Mbps. So minimum delay 
suffered by a cell is 2.827 µs. Each input VBR source i, i=1, 
2,……., N is modeled by two state 
ON-OFF Interrupted Bernoulli Process (IBP). We first 
considered switch of size 10×10, with input length = 4 and 
output length = 8. We had applied a constant threshold 
(C.Th.) = 4, the size of the output buffer (Bop) is kept 10. 
Out-put buffer had divided into equal number of parts viz. 
two, three, and four.  The feedback had applied after 50%, 
33%, and 25% of the buffer space gets filled i.e. when N =1, 
and 2 respectively under Dynamic Threshold Feed-back 
(D.Th.Fb.) scheme. Simulation results are taken for these 
values of N, after applying different load conditions. A 
gradual change is more intuitive here, this has been done 
with fuzzy logic in our proposed Fuzzy Feed-back (F.Fb.) 
scheme. 
The results are obtained for the three important performance 
indices i.e. throughput, average cell delay and cell loss 
probability Vs load. The performance of the new proposed 
scheme has been compared with Constant Threshold and 
Dynamic feed-back Threshold based schemes. From  the 
results we observed that all the QoS parameters as described 
above are the function of   offered load and number of 
buffer parts(N), but for Constant Threshold Scheme these 
parameters don‟t depend on the value of N. 
For low loads (L  0.5) all the schemes provide about the 
same throughput (100% - 99%).  Which shows that all the 
incoming cells are served by the switch, so we will limit our 
discussion to higher loads.  For moderate loads (0.5  L  
0.7), due to rigidness of the Constant Threshold the 
throughput decreases from 99% to 97%, but the remaining 
schemes again have same results.  The reason is that since 
after the completion of every 50%, 33% and 25% of the 
buffer space the network gets a proper signal to control the 
incoming burst of cells. At higher loads (0.7  L  0.9), the 
throughput decreases up-to 96% for Constant Threshold 
Scheme. At these load conditions the value of throughput 
increases gradually for Dynamic Feed-back Scheme with 
respect to N, while remains constant for proposed Fuzzy 
Scheme. 
The value of average cell delay for Constant Threshold 
Scheme increases rapidly as offered load changes from 
lower to higher. This parameter is again doesn‟t depend 
upon value of N. But the value of average cell delay is very 
low for Dynamic Feedback Threshold Scheme. For 
proposed Fuzzy Scheme it is minimum. 
Like average cell delay, the results show that Proposed 
Fuzzy Scheme has minimum value of average cell loss 
probability too.  The reason can be explained as follows: 
The threshold function determines, for each cell-burst, how 
many of the arriving cells to admit into the buffer. This 
function bears significant influence on the performance of 
the network including the fraction of cells lost due to 
dropping or excessive delays and the delay distribution of 
the cells. The traditional „fixed‟ scheme utilizes a binary 
threshold: admit or no-admit, depending on the occupancy 
of the buffer. In the proposed Fuzzy Scheme, blocking 
decision is based on triangular membership function. 
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VI. DISCUSSION & CONCLUSION 
 
As shown in the previous section 2.4, the new fuzzy logic 
based scheme performs very well in comparison to the fixed 
threshold scheme.  However, the price paid, is in terms of 
increased time complexity.  The fixed threshold case has a 
time complexity of the order of 0(l) because it has to be 
decided only once if incoming burst can be accommodated 
or not.  In this Section an analysis is carried out to determine 
worst case time complexity of the suggested scheme. 
 
Step A - Fuzzification 
 
If simple space of buffer occupancy is represented by n sets 
and if burst length sample space is represented by in Sets, in 
the worst case, this is bounded by time complexity of 0(n) 
and 0(m) respectively 
 
Step B - Look-up Table 
 
At the and of fuzzification process, member functions along 
with membership values obtained.  The set of membership 
functions can be at the most m in case of burst length and at 
most n in the case of buffer occupancy.  Now, for each 
membership function of buffer occupancy, every 
membership function of burst length is taken and the look-
up table is referred and corresponding entry is noted down.  
Whole of this process takes constant time.  As this process is 
referred for a total m.n of times, the time complexity of this 
step is 0(m.n). 
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Step C - Inference Engine 
Assuming that, these m.n data elements are clustered in m 
groups, each group having n data elements, it can be easily 
seen that finding out the minimum element in n data 
elements is of time complexity 0(n).  As this procedure is 
repeated for m times, the total time complexity of finding 
out minimum is 0(m.n). It can be safely assumed that de-
fuzzification sample space is represented by not more than I 
element where m.n. This assumption is valid as at the most 
m.n look-up table entries are referred only.  So finding out 
maximum for these entries takes time of the order of 0(m.n) 
again.  Total time complexity of this step is thus 0(m.n) +O 
(m.n). 
 
Step D - Defuzzification 
 
Here, the fuzzy sets passed on along with the membership 
values are defuzzified to determine the crisp output value.  
Without losing generality, it can be assumed n>m.  In this 
case. we can say that at the most m.n membership functions 
along with the values are passed on from step 3. For each 
function, respective de-fuzzification value is retried and 
multiplying with associated weight tubes a constant time.  
So worst case time complexity is 0(m.n). Addition of all the 
elements after this has time complexity of 0(m.n) and 
divided by addition of respective weight (complexity of 
0(m.n) again). Division takes constant time out of time. 
So the total time complexity of this step (O(m.n) +O(m.n) 
+O(m.n)). 
Total Time Complexity 
Total time complexity of fuzzy logic is obtained by adding 
the individual time complexities as follows: 
O(m) +O(n) +O(m.n) +O(m.n) +O(m.n) +O(m.n) +O(m.n) 
+O(m.n) 
Which by using the result from , turns out to be of time 
complexity of 0(m.n). For n>=m the time complexity of the 
new scheme can be expressed as 0(n'). 
Thus new scheme can be easily implemented for small value 
of n. For large n time complexity may become a liability for 
the new scheme. 
In this paper, we have introduced fuzzy approach to control 
congestion in ATM networks. When a number of bursty 
traffic sources add cells, the network is inevitably subject to 
congestion. Various traditional approaches to congestion 
management reported in the literature, utilize „fixed‟ 
threshold, i.e., either binary or a limited number of 
predetermined values based on the cell priorities, to 
determine when to permit or refuse entry of cells into the 
buffer. The aim is to achieve a desired tradeoff between the 
number of cells carried through the network, propagation 
delay of the cells, and the number of discarded cells. 
Conventional thresholds suffer from some fundamental 
limitations. One of the limitations is the difficulty of 
obtaining complete statistics on input traffic to a network. 
As a result, it is not easy to accurately determine the 
equivalent capacity or effective thresholds for multimedia 
high-speed networks in various bursty traffic flow 
conditions. Besides, these approaches/schemes provide 
optimal solutions only under a steady state. From these 
membership values and corresponding sets, blocking to be 
offered, again in fuzzy terms can be find out. Then, by 
applying suitable defuzzification method, the percentage 
blocking to offered at that particular buffer occupancy level 
and at given burst length can be determined. A comparative 
study has revealed the proposed scheme is able to achieve 
lower average delay and higher throughput than the constant 
as well as dynamic feed-back threshold schemes and that too 
with lower cell loss probability. 
 
VII. REFERENCES 
 
1) Bae, J.J., and Suda, T.,: “Survey of traffic  control 
schemes and protocols in ATM      networks,” Proc. 
of the IEEE, vol. 79, no. 2, pp. 170 - 189, Feb. 
1991. 
2) Benmohamed, L., and Meerkov, S.M., : “Feedback 
control of congestion in packet switching networks 
: The case of  a single congested node,”  IEEE / 
ACM Trans. on Networking,  vol. 1,  no. 6, pp. 
693-708, Dec. 1993. 
3) Atai, A., and Hui, J.,  : “A rate-based feedback 
traffic controller for ATM networks,” Proc. IEEE  
ICC 94, New Orleans, pp. 1605-1615, 1994. 
4) Liu, Y.C., and Douligeris, C., : “Rate regulation 
with feedback controller in ATM networks-a neural 
network approach,” IEEE JSAC, vol. 15, no. 2, pp. 
200-210, Feb.1997. 
5) Liu,Y., and Douligeris, C., : “Adaptive vs. static  
feedback congestion controller,” Proc. IEEE 
GLOBECOM '95, Singapore, pp. 291-295, Nov. 
1995. 
6) Berkan, R. C., and Trubatch, S.L.,  :  “Fuzzy 
system design principles : Building fuzzy If-Than 
rule Bases,”  Published by IEEE Press New Yark, 
pp. 7,  41-44, 227-99, 1997. 
7) Munakata, T., and Jani, Y.,  : “Fuzzy  systems : An 
overview,” Commun. ACM.,  vol. 37, no. 3, pp. 
69-76, Mar. 1994. 
8) Shi, Y., et al., : “Implementation of evolutionary 
fuzzy systems,” IEEE / ACM Trans. on 
Networking,  vol. 7, no. 2, pp. 109-119,  April 
1999. 
9) Bensaou, B., et. al., : “Estimation of the cell loss 
ratio in ATM networks with a fuzzy system and 
application to measurement–based call admission 
control,” IEEE/ACM Trans. on Networking,  vol. 
5, no. 4, pp. 572-583, August1997. 
10) Cheng, R.G., and Chang, C.J.,  : “Design of a fuzzy 
traffic controller for ATM networks,”  IEEE / 
ACM Trans. on Networking,  vol. 4, no. 3, pp. 460-
469 June 1996. 
11) Bonde, A.R., and Ghose, S.,  : “A comparative 
study of fuzzy versus „fixed‟ threshold for robust 
queue management in cell switching networks,” 
IEEE/ACM Trans. Networking, vol. 2, no. 4, pp. 
337-344, Aug. 1994. 
